Introduction {#s1}
============

The spleen has an important role in the immune function and hematopoiesis of the body. A diseased or surgically absent spleen increases the risk for infections with encapsulated bacteria. In addition, it may be secondarily involved in certain oncologic, infectious, hepatic and pancreatic diseases or secondary to trauma or iatrogenic causes. Diseases of the spleen, especially those involving the splenic vessels, are rare, and the diagnoses are often missed due to lack of or nonspecific clinical symptoms. Delayed diagnosis and treatment of splenic diseases, however, can lead to catastrophic complications that include splenic rupture and death. Moreover, emergent surgical interventions are also associated with higher peri- and postoperative morbidity and mortality rates. The recent advances in imaging modalities have allowed for vascular diseases of the spleen to be increasingly diagnosed at early stages and in asymptomatic phases, allowing for elective surgeries, less invasive endovascular surgeries or observation with serial imaging to be performed. Early recognition by clinical examination and diagnostic imaging is important for timely intervention, improved clinical outcomes, and increased survival rates.

Splenic vasculature {#s2}
===================

The main arterial supply of the spleen is the splenic artery. It courses to the left, along the superior border of the pancreas, posterior to the omental bursa, and anterior to the left kidney. It divides into 5 or more branches that enter the hilum of the spleen, within the splenorenal ligament. As the splenic artery passes the superior border of the pancreas, it gives off small arterial branches that supply the pancreatic neck, tail, and body.[@b1],[@b2] It also provides the short gastric arteries that supply the fundus of the stomach, and left gastro-omental artery which courses along the greater curvature of the stomach.[@b1],[@b2] The splenic vessels do not anastomose, resulting in 2 or 3 distinct vascular segments. Between these segments are avascular planes that can be used to minimize blood loss during subtotal splenectomies.[@b1],[@b2]

The main vascular drainage of the spleen occurs through the splenic vein. Tributaries include the short gastric veins from the fundus and greater curvature of the stomach, the left gastro-omental vein from the greater curvature of the stomach, pancreatic veins that drain the pancreatic body and tail, and the inferior mesenteric vein.[@b1],[@b2] It courses to the right and lies inferior to the splenic artery, passing through the splenorenal ligament. The inferior mesenteric vein unites with the splenic vein, as it courses posterior to the pancreatic body and tail. Then, the splenic vein joins the superior mesenteric vein to form the hepatic portal vein, posterior to the neck of the pancreas.[@b1],[@b2] Several anatomical variations in the branching of the splenic vessels within the hilum have been described, which can be important during splenic surgery. And lastly, a thin fibrous capsule surrounds the spleen. From the capsule, connective tissue trabeculae extend into the splenic parenchyma to the hilum, including the branches of the splenic artery and vein.[@b3]

Diseases of the splenic vasculature {#s3}
===================================

Splenic vein thrombosis {#s3-1}
-----------------------

Splenic vein thrombosis (SVT) is often related to a pancreatic pathology, because of the close anatomical relationship between the splenic vein and the pancreas. SVT may also occur due to intrinsic endothelial damage to the splenic vein from thrombosis or neoplasm, from propagation of a portal vein clot and erosion of a pseudocyst into the splenic vein, or it may result from external splenic vein compression by a pseudocyst, fibrosis or lymphadenopathy that leads to venous stasis and thrombosis.[@b4] There should be a high index of suspicion for SVT in a patient with pancreatitis who presents with new-onset gastrointestinal (GI) bleeding, in a patient with isolated gastric varices, or in a patient with splenomegaly in the absence of cirrhosis, portal hypertension or hematologic diseases.[@b4] In a large case series by Agarwal *et al*.,[@b5] out of the 157 patients who were treated for chronic pancreatitis, the incidence of SVT was 22%. This result was further supported by a meta-analysis performed by Butler *et al.*[@b6] that showed a 22.6% incidence of pancreatitis-induced SVT among those with acute pancreatitis, and 12.4% for those with chronic pancreatitis. A prior literature review by Sutton *et al.*[@b7] involving 53 cases of isolated SVT reported that 52% of patients had a pancreatic disease. Other identified causes of SVT in the literature are summarized in [Table 1](#t01){ref-type="table"}.[@b4]--[@b17]

###### Summary on the etiologies of the different vascular diseases of the spleen

  Splenic Vein Thrombosis (SVT)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Splenic Vein Aneurysm (SVA)                                                                                                                              Splenic Artery Aneurysm (SAA)                                                                                                                                                                                                                                                                                     Splenic Arteriovenous Fistula (SAVF)                                                                                                                                                         Spontaneous Splenorenal Shunt (SSRS)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  --Pancreatic disease (acute pancreatitis, chronic pancreatitis, pseudocyst, abscess, malignancy)--Non-pancreatic malignancy (e.g. lymphoma, sarcoma)--Coagulation disorder (e.g. protein C or S deficiency, factor V Leiden mutation, myeloproliferative disorders, thrombocytosis, paroxysmal nocturnal hemoglobinuria)--Post-splenectomy and other surgeries involving the splenic vessels and stomach--Retroperitoneal fibrosis--Abdominal trauma--Splenic artery and vein aneurysm--Disseminated tuberculosis--Idiopathic   --Congenital--Acquired--Portal hypertension (e.g. secondary to liver cirrhosis)--Inflammation (e.g. pancreatitis)--Trauma--Prior surgeries--Idiopathic   --Congenital--Acquired--Portal hypertension--Atherosclerosis--Inflammation (e.g. pancreatitis)--Pregnancy--Abdominal trauma--Arterial degeneration (e.g. medial fibrodysplasia)--Collagen vascular disease--Autoimmune disease (e.g. systemic lupus erythematosis, polyarteritis nodosa)--Post-liver transplant   --Congenital--Acquired--Rupture of splenic artery aneurysm into corresponding splenic vein--Penetrating trauma--Post-splenectomy, gastrectomy--Mycotic infection--Pancreatitis--Iatrogenic   --Liver cirrhosis (e.g. alcohol, hepatitis B, hepatitis C, fatty liver)--Hepatocellular carcinoma--Antiphospholipid antibodies--Idiopathic--Congenital--Iatrogenic (e.g. sclerotherapy complication)

Although the clinically described triad of SVT includes splenomegaly, normal liver enzymes and upper GI bleeding, SVT is diagnosed most often on imaging.[@b4]--[@b7],[@b11] Increased pressure within the splenic vein from the thrombosis can lead to a localized form of portal hypertension called "sinistral" or "left-sided" portal hypertension, where the venous drainage of the spleen occurs by the collateral circulation that includes the short and posterior gastric veins to the coronary veins, and the gastroepiploic veins to the superior mesenteric vein.[@b6],[@b7] The formation of gastric varices is related to the dilation of the submucosal venous reticulum of the gastric fundus which connects the coronary veins, short and posterior gastric veins.[@b13],[@b18] The mechanism by which splenomegaly develops is not clear, but may be related to increased splenic venous congestion and splenic arterial blood flow, that may cause hemorrhage, infarction, and---in rare cases---rupture.[@b19] It has been clearly shown that splenomegaly is not due to portal hypertension *per se*.[@b19]

Historically, patients would often present with chronic abdominal pain and upper GI bleeding. However, with the availability of imaging studies, SVT is now often diagnosed in asymptomatic patients.[@b6],[@b20] In a prospective study by Koklu *et al.*,[@b19] 37.5% presented with abdominal pain, whereas 29.2% had GI bleeding. This reported incidence of GI bleeding was further confirmed in the meta-analysis by Butler *et al.*,[@b6] which only included studies published after 1995, where 53% of patients had varices and 12.3% had GI bleeding. This is in contrast to the findings of Sutton *et al.*,[@b7] which showed a 64% incidence of GI hemorrhage among the 53 cases of isolated SVT on prior literature review. This may be explained by the earlier diagnosis and treatment of SVT with the advent of more advanced imaging tools. In the same meta-analysis, splenomegaly was only noted in 42--54% of patients with pancreatitis-induced SVT, which supports the notion that not all patients with SVT present with splenomegaly.[@b6]

Diagnostics {#s3-2}
-----------

Because it is non-invasive and inexpensive, abdominal ultrasound (US) is often the first imaging test used to search for SVT. Its accuracy is comparable to angiography and arterial portography in the evaluation of the portal venous system, with a 93% sensitivity and 83% specificity.[@b18] SVT will appear echogenic without detectable flow on Doppler US in cases of complete obstruction. Recently, Lewis *et al.*[@b15] reported that endoscopic ultrasound (EUS) to diagnose SVT is superior to abdominal US and computed tomography (CT) for identifying pancreatic tumors and vascular involvement, with reported accuracies of 94% and 87%, respectively. EUS should be considered in the evaluation for SVT and pancreatic disease, especially when other imaging modalities fail to identify SVT in spite of clinical signs in favor of that diagnosis. EUS is especially used when pancreatic disease or varices are suspected, or if patients are obese or have ascites.

CT scan with contrast may demonstrate SVT as an intraluminal low-density filling defect, together with splenomegaly, gastric or esophageal varices, and the underlying etiology.[@b20] It has a 90% sensitivity and 50% specificity in identifying esophageal varices, and 87% sensitivity in diagnosing gastric varices.[@b6],[@b21] However, the preferred standard for the assessment of the portal venous anatomy is magnetic resonance angiography (MRA). SVT appears as an intraluminal filling defect after contrast administration. In a study by Edelman *et al.*,[@b22] MR angiography was found to be superior to abdominal US for identifying SVT, but the study was limited by a small population size.[@b18],[@b19],[@b22],[@b23]

Moreover, as patients with SVT may initially present with GI bleeding, esophagogastroduodenoscopy (EGD) is also useful for identifying esophageal and gastric varices, and other sources of upper GI bleeding, with a reported accuracy of 90%.[@b18],[@b20] Contrast barium examinations are now used only infrequently due to the superiority of more advanced diagnostic modalities. Endoscopically, gastric varices may appear as dilated veins or nodularities in the gastric rugae.[@b18] A finding of isolated gastric varices should prompt further evaluation for possible left-sided portal hypertension. Pathology is not necessary for the diagnosis of SVT as imaging is usually sufficient. [Fig. 1](#f01){ref-type="fig"} shows a normal splenic artery (top image) and vein (center image), and a thrombosed splenic vein (bottom image).

![Hematoxylin and Eosin (H&E) stain of a section of a normal splenic artery (topmost image) and a normal splenic vein that are both 100× magnified (center image). An H&E stain of a splenic vein with an organizing thrombus partially occluding the lumen (thrombus marked by the arrow), 100× magnification is shown at the bottom image of [Fig. 1](#f01){ref-type="fig"}.](JCTH-5-152-g001){#f01}

Treatment {#s3-3}
---------

In the past, splenectomy was the treatment of choice for both symptomatic and asymptomatic SVT since blood flow to the collateral veins and gastric varices can be eliminated. However, in a meta-analysis by Butler *et al.*,[@b6] routine splenectomy for those without an overt GI bleed was not recommended, due to the high risk of portal or splenic vein thrombosis (PSVT) and post-operative infections.[@b6],[@b12] According to Krauth *et al.*,[@b16] there was an overall risk of 3.3% for PSVT after open and laparoscopic splenectomy. However, Ikeda *et al.*[@b17] identified a higher risk of PSVT among those who underwent laparoscopic compared to open splenectomy (55% vs 19%), possibly due to the pneumoperitoneum and laparoscopic splenectomy. This discrepancy highlights the need for larger prospective studies comparing the outcomes of both surgical techniques.

Alternatives to splenectomy that have been recently studied are associated with fewer complications and allow for preservation of the splenic structure and immune function. In a retrospective study on 11 patients with splenic vein occlusion and GI bleeding, Luo *et al.*[@b13] described their experience using transjugular endovascular recanalization of the splenic vein, which led to resolution of the gastric varices. There were no post-procedural complications or recurrence of the GI bleeding. However, stent stenosis was observed in 33% of the patients with bare metal stents on follow-up.[@b13] A transhepatic approach was recommended for patients with cirrhosis because it involves creation of an intrahepatic portosystemic shunt.[@b13] This study was limited by its short follow-up period of 3--34 months and small sample size.

Splenic artery embolization is another alternative to splenectomy. Wang *et al.*[@b14] performed a retrospective study that included 14 patients with left-sided portal hypertension and gastric bleeding. A limited embolization of the splenic parenchyma was recommended due to the risk of splenic abscess with complete embolization.[@b14] Although there was complete resolution of the gastric varices and collateral circulation, most patients developed post-embolization syndrome that included left upper quadrant pain and fever during follow-up.[@b14] The role of anticoagulation in the treatment of SVT is still unclear. Its use has been reported in a few cases, as an adjunct to splenic vein revascularization and as sole treatment for SVT associated with malignancy or post-splenectomy.[@b9],[@b12],[@b17],[@b24] Given the recent advances in the management of SVT, treatment should be individualized, taking into account the surgical risk, severity of the GI bleeding, and the risks and benefits of each procedure.

Splenic vein aneurysm {#s4}
=====================

Splenic vein aneurysm (SVA) is very rare, but there has been a reported increase in its occurrence, likely related to the increasing availability of advanced imaging modalities. In a systematic review by Sfyroeras *et al.*,[@b25] the reported incidence of SVA was 14.1% among the visceral venous aneurysms. SVA may be congenital or acquired, with most due to multifactorial causes. It may arise from a congenitally weak vessel wall or failure of the vitelline vein to regress, as evidenced by an antenatal diagnosis of SVA in a newborn.[@b26] Although SVA occurs among those without liver disease, most authors still consider portal hypertension as the most common etiology of an acquired SVA since elevated portal pressure causes intimal thickening and medial hypertrophy, and subsequent fibrosis and aneurysm formation.[@b27],[@b28] This association is supported by the regression of the SVA after decreasing portal venous pressure and splenic size.[@b29] Other causes of SVA are listed in [Table 1](#t01){ref-type="table"}.[@b25]--[@b32]

Most SVA are incidental findings and are asymptomatic. According to Sfyroeras *et al.*,[@b25] abdominal pain is seen in 44.7% of patients with visceral venous aneurysms, followed by incidental discovery in 38.2%, and GI bleeding in 7.3% of cases. Reported complications include thrombosis (in 17% of cases), splenic vein rupture (in 2.2%), and obstructive jaundice from compression of adjacent structures like the duodenum and extrahepatic biliary ducts.[@b25],[@b26],[@b28],[@b31],[@b32] Severe portal hypertension, coagulation disorder, and inflammation have been associated with rupture regardless of the aneurysm size.[@b29],[@b33] Whereas, thrombosis occurs from stagnation of blood flow in the dilated areas or due to compression of the vessel by surrounding structures.

Diagnostics {#s4-1}
-----------

US is the initial imaging test of choice for diagnosing SVA, demonstrating either a saccular or fusiform, and hypo- or anechoic splenic vein dilatation.[@b20],[@b34]--[@b36] For extrahepatic portal vein aneurysms, which include SVAs (near its confluence with the superior mesenteric vein), a diameter that is greater than or equal to 2 cm is considered the diagnostic standard for cirrhotic patients, whereas it is at least 1.5 cm for the non-cirrhotic patients, based on the study by Doust and Pearce.[@b37],[@b38] The aneurysm will normally fill up with color flow at an increased flow velocity, with a "to-and-fro" flow or the "Yin-Yang sign" that signifies blood flow during systole and diastole.[@b20],[@b27],[@b29],[@b30],[@b34]--[@b36]

Currently, CT and magnetic resonance imaging (MRI) scans are often used as adjuncts when US results are equivocal or when complications are suspected.[@b27],[@b36],[@b39] SVA will simultaneously enhance with the portal and superior mesenteric veins on CT, whereas they will appear as hypointense lesions on T1-weighted MRI.[@b34] MRA is also a promising non-invasive tool that has replaced the conventional invasive angiography in the diagnosis of SVA, especially for patients undergoing surgery.[@b39] Moreover, recent studies have demonstrated the utility of contrast-enhanced US in detecting SVA, as it has better delineation of the vessel lumen and patency, and configuration of the SVA when compared to the B mode and color flow US.[@b36] However, this study was limited by a small sample size (7 patients) due to the rarity of these aneurysms. Its accuracy in diagnosing SVA needs to be verified in a larger study, with comparison to other diagnostic modalities. Lastly, pathology is not required for the diagnosis, but when available, histological findings include decrease in the number and size of elastic and muscle fibers of the wall, fragmented internal elastic layer, and replacement by fibrous tissue.

Treatment {#s4-2}
---------

If the patient is symptomatic, and when the aneurysm is significantly expanding or has complications, surgery is the treatment of choice.[@b25],[@b27],[@b33],[@b37],[@b40],[@b41] In a literature review by Laurenzi *et al.*[@b37] involving 190 patients with portal vein aneurysms, 21% had surgery and post-operative mortality was noted to be 17.5%. There were no reported recurrences of SVA, however most studies were limited by a short follow-up period (median of 10.5 months).[@b37] The surgical therapies include aneurysmectomy with or without allograft placement, aneurysmorrhaphy with or without thrombectomy, splenectomy, and portal shunt procedures with splenectomy for those with portal hypertension.[@b25],[@b26],[@b28],[@b31],[@b32],[@b37] For patients without portal hypertension, aneurysmorrhaphy is the procedure of choice for those with saccular aneurysm, whereas aneurysmectomy is recommended for those with the fusiform type.[@b27],[@b35]

Currently, there is no general consensus regarding treatment of asymptomatic SVA. Some authors recommend serial monitoring of patients who are high-risk surgical candidates and without any portal hypertension and thrombosis, while others propose prophylactic surgery for low-risk surgical candidates.[@b27]--[@b30] According to Moreno *et al.*,[@b40] surgery is recommended for asymptomatic SVA that is at least 3 cm in diameter, whereas serial observation is indicated for asymptomatic patients with an SVA diameter of less than 3 cm. Even though studies have reported that bigger SVAs have higher rates of complications, such as thrombosis, rupture and compression of surrounding structures, there are still few reported cases of rupture that had an SVA diameter of less than 2 cm.[@b33] In a study by Sfyroeras *et al.*,[@b25] among the cases that were serially monitored, 94% of aneurysms were stable in terms of size on follow-up. There was only one reported case that demonstrated spontaneous regression of the SVA after years of observation,[@b32] while some regressed with resolution of portal hypertension and splenomegaly,[@b29] or remained stable with beta-blocker treatment.[@b42] Due to the significant post-operative mortality rate, management of asymptomatic SVA should be individualized, and should take into account the risk and benefits of surgery versus close follow-up with serial imaging.

Splenic artery aneurysm/pseudoaneurysm {#s5}
======================================

Splenic artery aneurysm (SAA) is an abnormally dilated splenic artery, measuring more than 1 cm in diameter. Only a few reported cases of SAA have measured more than 10 cm in diameter, and these are known as giant SAAs. It is a true aneurysm and accounts for 60% of SAAs, with an overall incidence of 0.8%.[@b43]--[@b47] It affects females four-times more often than males[@b43]--[@b45] and is often seen in the fifth and sixth decades of life.[@b48] In large retrospective case series, the most frequent comorbidities among SAA patients have included hypertension (47--52%), hyperlipidemia (44--47%), and tobacco use (11--47%), which highlights the role of atherosclerosis in the development of SAA.[@b45]--[@b47] In another series involving 34 patients with SAA, 59% had portal hypertension and had an associated mortality rate of 56%, compared to the 17% without portal hypertension.[@b49] Other causes of SAA are listed in [Table 1](#t01){ref-type="table"}.[@b43]--[@b47] In contrast, splenic artery pseudoaneurysm involves a focal disruption of the vessel wall. It is less prevalent than true SAA, and occurs more often in males than in females.[@b43] In a case series by Tessier *et al.*,[@b44] splenic artery pseudonaneurysm accounted for 27% of the visceral artery pseudoaneurysms. These were due to chronic pancreatitis (46%), trauma (29%), and unknown etiology (13%).[@b43],[@b44] Most patients, however, had chronic alcohol use.

Most of the SAA are incidentally diagnosed, since 80--97.5% are asymptomatic.[@b43],[@b50] Symptomatic patients will present with nonspecific manifestations, like epigastric or left upper quadrant pain (49%), nausea and vomiting, and anorexia.[@b50] According to Mattal *et al.*,[@b46] spontaneous rupture of the SAA was the initial symptom of 2--10% of patients, with higher rates of rupture for giant SAA (28%). They present with sudden-onset sharp abdominal pain, Kehr sign (left shoulder pain), GI bleeding and hemodynamic instability.[@b43]--[@b46] Bleeding may also result from fistulization of an SAA into adjacent organs.[@b43]--[@b46] Pseudoaneurysms also manifest with bleeding with 58% of patients being hemodynamically unstable on presentation.[@b44] The "double rupture" phenomena, which is noted in 20--30% of ruptured SAA, is characterized by bleeding into the lesser sac with a temporary tamponade, followed by bleeding into the peritoneal cavity via the foramen of Winslow or rupture of pars flaccida within 48 hours.[@b43],[@b44] Most SAA ruptures occur in pregnancy (95%) with a maternal-fetal mortality rate of 75%, whereas the mortality rate of ruptured pseudoaneurysm is almost 100%.[@b43]--[@b45] Notable risk factors associated with rupture include a diameter of more than 2 cm, pregnancy (especially during the third trimester), symptomatic SAA, portal hypertension and liver transplantation.[@b47]--[@b49] Interestingly, in the study by Lakin *et al.*,[@b45] patients who initially presented with signs of rupture were less than 60 years old (39%). An inverse relationship between the amount of calcification and the size of the aneurysm was found. It is still unclear if the calcification is protective against rupture or increasing growth of the aneurysm.

Diagnostics {#s5-1}
-----------

SAA are frequently diagnosed incidentally, evidenced by a ring-like calcification in the left upper quadrant of a plain abdominal radiograph.[@b20] However, for pregnant patients, US is often used due to its lack of radiation exposure. It will exhibit an anechoic mass, with or without calcification along its periphery, and with its vascularity emphasized by a color Doppler.[@b20] US is less useful for small diameter aneurysms, however.[@b43] An enhancing hypoattenuated mass, with or without peripheral calcification, may be demonstrated in the CT scan ([Fig. 2](#f02){ref-type="fig"}, top image), with extravasation of contrast in cases of aneurysm rupture.[@b20] On MRI ([Fig. 2](#f02){ref-type="fig"}, center image), SAA will appear as a well-defined circular area with low signal intensity at the periphery and a varying signal intensity within the aneurysm, depending on the velocity of the blood flow and thrombus formation.[@b20]

![Splenic artery aneurysm as seen on a CT scan of the abdomen under maximum intensity projection (MIP) (topmost image), a splenic artery aneurysm on MRI of the abdomen with contrast (marked by the arrow) (center image), and a spontaneous splenorenal shunt as seen in a CT scan of the abdomen with contrast (bottom image).](JCTH-5-152-g002){#f02}

Digital subtraction angiography (DSA) is the standard imaging method of choice for both SAA and pseudoaneurysm as it allows the determination of the exact location of the aneurysm and source of bleeding, and the detection of collateral circulation and concomitant intra-abdominal aneurysm.[@b20],[@b43] More importantly, it also permits therapeutic intervention by transcatheter embolization.[@b20],[@b43] In a recent prospective study by Ulu *et al.*,[@b51] multidetector CT angiography (MDCTA) was shown to be as accurate as DSA in the detection of SAA among children with chronic liver disease, representing a potential non-invasive alternative to DSA. For splenic artery pseudoaneurysm, US and CT scan, including CT angiography and MRA are not often used since they do not permit therapeutic interventions to be done concomitantly.[@b20],[@b43] In any case, a finding of pseudoaneurysm must be treated urgently because the risk of rupture is close to 100%. Lastly, histological examination of SAA usually reveals subendothelial thickening, elastic lamina fragmentation, fibrosis and accumulation of glycosaminoglycans within the subintima and media. Secondary changes like luminal thrombosis and atherosclerosis can also be seen.

Treatment {#s5-2}
---------

Asymptomatic patients with SAA measuring more than 2 cm in diameter, or increasing in size must be treated.[@b43]--[@b45] SAA detected among patients who are pregnant or are planning to become pregnant, and pre- or post-liver transplant, regardless of size, must also be treated due to the higher risk of rupture.[@b43]--[@b45] Symptomatic patients with SAA require urgent treatment, whereas rupture necessitates emergent management. In a study by Lee *et al.*,[@b49] elective surgery had zero operative mortality compared to the 40% with emergent surgery from SAA rupture. Survival after 46 months of follow-up was noted to be 84% after elective repair, in contrast to the 60% after SAA rupture.[@b49]

Laparoscopic surgery, endovascular embolization and stent graft application have largely replaced open surgery (aneurysm ligation with or without splenectomy), which used to be the gold standard for the treatment of SAA. These procedures are less invasive and associated with lower peri- and post-procedural morbidity, faster recovery and shorter hospital stay. Conventional surgery is now mostly indicated for SAA rupture, especially with hemodynamic instability, due to its high morbidity rate of 9% to 25% and mortality rate of 1% to 3%.[@b43]--[@b45] Conventional surgery approaches include splenectomy with aneurysmectomy for SAA deep in the hilum, partial splenectomy for distal SAA, trans-aneurysmal arterial ligation, and proximal and distal splenic artery ligation with or without aneurysmectomy.[@b43] Splenic conservation should be the goal for more proximal SAA. Surgery may be done via the lateral approach, which preserves the spleen's collateral circulation, or via the anterior approach, which increases the risk of splenic infarction.[@b43]

In a prospective study conducted by Tiberio *et al.*[@b52] involving 29 SAA patients who were randomized to either laparoscopy or laparotomy, the laparoscopy group had lower morbidity rates, shorter hospital stays and more rapid recoveries. The 13.3% conversion rate from laparoscopic to open surgery was due to concomitant involvement of the pancreatic tail, and iatrogenic vessel tear during dissection.[@b52] Although, it was reported that laparoscopic repair cannot be done in cases of an SAA rupture, Kim *et al.*[@b53] was able to successfully repair a ruptured SAA laparoscopically. Recent literature reviews also illustrate that laparoscopic surgery with splenectomy and possible distal pancreatectomy can be performed for hilar SAA that are difficult to manage using endovascular treatment.[@b54]

Transcatheter embolization is preferred by most physicians as the initial treatment for asymptomatic SAA, especially among high-risk patients and surgically difficult SAA, except for those located in the splenic hilum, which requires splenectomy.[@b43]--[@b45] The reported success rates range from 85--100%. The speed and non-invasiveness of the procedure allows for the preservation of the spleen and its immunologic functions.[@b43]--[@b45] Notable complications include abscess, migration of the coil and subsequent distal infarction, rupture, recanalization, and post-embolization syndrome manifesting with abdominal pain, fever, leukocytosis, thrombocytopenia and elevated lipase.[@b43]--[@b47] In addition, endovascular stenting has been also used recently for proximal aneurysms due its lower risk of infarction and ability to preserve the splenic circulation.[@b43] The successful treatment of SAA rupture by endovascular surgery has been documented in a few cases, especially on patients with portal hypertension because surgery is more technically difficult given the extensive collateral circulation.[@b43],[@b50],[@b55],[@b56] Other newer treatment options include staged therapy that involves embolization followed by surgical excision, and laparoscopic robotic surgery.[@b43]--[@b45]

Conservative management is preferred for asymptomatic SAA that measures greater than 2 cm in diameter. According to Lakin *et al.*,[@b45] patients who were observed with serial CT scan every 6 months showed a mean increase of 0.2 mm/year in the diameter of the aneurysm over a follow-up period of 3 years. Because there were no reported ruptures or mortalities in the observed group, the authors concluded that small (less than 2 cm), asymptomatic, and heavily calcified SAA can be effectively managed with serial imaging due to a negligible risk of rupture.[@b45] Due to the retrospective nature of this study and lack of randomization, it is prone to possible selection and treatment bias. However, it is still one of the largest cases series, as it included 128 patients with SAA. Up until now, there is no general consensus regarding the appropriate duration of follow-up for previously treated patients or those managed conservatively. Nonetheless, post-liver transplant patients should be monitored for SAA all throughout their lives. SAA has an excellent prognosis with timely intervention, since the 10-year survival rate in the treatment group is 85.1%, compared to the 94.9% rate in the observation group.[@b45]

In a large meta-analysis by Hogendoorn *et al.*[@b48] involving 1321 patients with SAA, endovascular surgery was noted to have better short-term outcomes and a lower perioperative mortality rate, when compared to open surgery. However, open surgery was associated with lower rate of late complications and re-interventions, while conservative management had a higher delayed morality rate which was thought to be related to the patients' multiple comorbidities.[@b48] Limitations of the study included the inclusion of mostly retrospective studies, the absence of laparoscopic surgery in the analysis, and missing information regarding the exact location of the SAA. Therefore, treatment of SAA must take into account the location and extent of the aneurysm, risk of rupture, surgical risk, and technical expertise. A prospective study that compares the efficacy and long-term outcomes of the different endovascular techniques with open and laparoscopic surgery is highly recommended. In contrast, pseudoaneurysms---regardless of symptoms and size---must be treated emergently due to a 100% risk of rupture. There is a high mortality rate of 50% if near the pancreatic body or tail, and 15% if near the pancreatic head.[@b43] Endovascular surgery is the recommended treatment of choice. Complications include abdominal pain, splenic infarction and abscess, pancreatic abscess and death.[@b43],[@b44] Other therapeutic options include injection of thrombin-collagen complex and stent graft application, and splenectomy with distal pancreatectomy if associated with a pancreatic pseudocyst.[@b43],[@b44] Most importantly, post-procedural vaccination against encapsulated bacteria is important after splenectomy and after splenic treatments that are associated with risk for splenic infarction.[@b43],[@b56]

Splenic arteriovenous fistula {#s6}
=============================

Splenic arteriovenous fistula (SAVF) is rare and can either be congenital or acquired. According to Schmidt *et al.*,[@b57] congenital SAVF are intrasplenic and hemangiomatous, whereas acquired SAVF are secondary to traumatic, iatrogenic or spontaneous lesions. Other causes of SAVF are presented in [Table 1](#t01){ref-type="table"}.[@b57]--[@b62] It occurs more often in females (80%), especially the multiparous, and its occurrence in men is likely associated to prior surgery or penetrating trauma.[@b61] Only 16% of cases presented without signs of portal hypertension.[@b59] SAVF should be considered in a patient with signs of acute portal hypertension that is not associated with a chronic liver disease.[@b57]--[@b63] Most cases are asymptomatic, but the clinical suspicion increases whenever a characteristic "machinery bruit" is auscultated in the epigastric, left upper quadrant or left flank area in 30% to 60% of cases.[@b57],[@b58] These symptoms are secondary to the hyperdynamic blood flow state through the arteriovenous shunt, which leads to the sudden increase in pressure and congestion within the portal and mesenteric venous system.[@b57],[@b58] Other clinical manifestations of SAVF are enumerated on [Table 2](#t02){ref-type="table"}.[@b57]--[@b63] Untreated SAVF will eventually lead to portal hypertension and variceal bleeding, and intrahepatic sclerosis which causes irreversible portal hypertension that persists despite treatment.[@b45],[@b63]

###### Summary on the clinical manifestations, diagnostics and treatment of the different vascular diseases of the spleen

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                           Splenic Vein Thrombosis (SVT)                                                                        Splenic Vein Aneurysm (SVA)                                                                               Splenic Artery Aneurysm (SAA)                                                                                                                                     Splenic Arteriovenous Fistula (SAVF)                                                                                                                                                                                                   Spontaneous Splenorenal shunt (SSRS)
  ------------------------ ---------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------
  Clinical manifestation   Splenomegaly, Abdominal pain, Upper gastrointestinal bleeding                                        Abdominal pain, Gastrointestinal bleeding, Jaundice                                                       Epigastric or left upper quadrant pain, Gastrointestinal bleeding, Nausea and vomiting, Anorexia, Kehr sign, Hemodynamic instability                              Machinery bruit in the epigastric or left upper quadrant or left flank, Gastrointestinal bleeding, Splenomegaly, Abdominal pain, Ascites, Secretory diarrhea, New-onset heart failure or portal hypertension (without liver disease)   Hepatic encephalopathy, Gastrointestinal bleeding, Ascites

  Diagnostics              Ultrasound- echogenic without detectable flow on Doppler\                                            Ultrasound- hypo-or anechoic splenic vein dilatation with "to-and-fro" flow with color flow\              Ultrasound- anechoic mass with or without peripheral calcification; pregnant patients\                                                                            Doppler ultrasound- pulsatile and turbulent blood flow within fistula\                                                                                                                                                                 Doppler ultrasound- tortuous inferiorly directed blood vessels from the splenic hilum to the left kidney with splenofugal blood flow\
                           CT scan with contrast- intraluminal low-density filling defect\                                      CT scan and MRI with contrast- if with equivocal findings or suspected complications\                     CT with contrast-enhancing hypoattenuated mass with or without peripheral calcification; for small diameter aneurysm\                                             CT and MRI with contrast- early enhancement of fistula\                                                                                                                                                                                CT scan with contrast- higher sensitivity than Doppler ultrasound\
                           Endoscopic ultrasound- with obesity or ascites\                                                      Magnetic resonance angiography- performed prior to surgery                                                MRI with contrast- well-defined circular area with low signal intensity at the periphery\                                                                         CT and MRI angiography- early enhancement of fistula\                                                                                                                                                                                  Angiography- gold standard
                           Magnetic resonance angiography- intraluminal filling defect                                                                                                                                                    Digital subtraction angiography (DSA)- identifies exact location and source of bleeding Multidetector CT angiography- promising non-invasive alternative to DSA   Selective celiac or splenic arteriography- tortuous splenic artery and dilated splenic vein with early filling during arterial phase                                                                                                   

  Treatment                Splenectomy- indicated for overt gastrointestinal bleeding\                                          Surgery- symptomatic or expanding aneurysm, and with complications\                                       Aneurysm ligation with or without splenectomy (open surgery)- for ruptured SAA with hemodynamic instability\                                                      Percutaneous arterial embolization- treatment of choice\                                                                                                                                                                               Left renal vein ligation- with increased risk of bleeding varices and ascites\
                           Endovascular recanalization of splenic vein with stent- via transjugular or transhepatic approach\   Aneurysmorrhaphy - saccular aneurysm without portal hypertension\                                         Laparoscopic aneurysm ligation with or without splenectomy- less invasive alternative to open surgery\                                                            Surgical ligation or resection of fistula with aneurysmorrhaphy or splenectomy (Open surgery)- failure of embolization, complications from SAVF, or chronic kidney disease\                                                            New therapies:\
                           Splenic artery embolization for left-sided portal hypertension with gastric bleeding                 Aneurysmectomy - fusiform aneurysm without portal hypertension\                                           Transcatheter embolization- initial treatment for asymptomatic patients with high surgical risk and surgically difficult SAA\                                     Endovascular stent graft application- performed in the absence of a tortuous splenic artery                                                                                                                                            Endovascular embolization with metal coil or plug\
                                                                                                                                Portal shunt procedures with splenectomy - with portal hypertension\                                      Endovascular stenting- proximal SAA\                                                                                                                                                                                                                                                                                                                                                                     Balloon-occluded retrograde transvenous obliteration\
                                                                                                                                Serial monitoring with imaging- high surgical risk patients; without portal hypertension and thrombosis   Serial monitoring with imaging- for asymptomatic SAA \<2 cm in diameter\                                                                                                                                                                                                                                                                                                                                 Shunt-preserving disconnection of systemic and portal circulation
                                                                                                                                                                                                                                          Other new therapies:\                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                          Staged therapy with embolization then surgical excision\                                                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                          Laparoscopic robotic surgery                                                                                                                                                                                                                                                                                                                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diagnostics {#s6-1}
-----------

US with color Doppler is the initial imaging of choice because it is non-invasive and inexpensive, and can document the presence of SAVF, portal hypertension and splenomegaly, and exclude hepatic parenchymal disease.[@b57]--[@b63] There is a turbulent and pulsatile blood flow with increased velocity within the fistula and immediately distal to it, together with a dilated and elongated afferent splenic artery and draining splenic vein.[@b20],[@b63] SAVF will enhance early with contrast-enhanced CT and MRI scan, and MR and CT angiography.[@b20],[@b59] However, selective celiac or splenic arteriography is still the gold standard imaging for SAVF because of its high accuracy in localizing the vessel abnormality and collateral circulation, and it also allows the performance of embolization procedures concomitantly.[@b58] It will appear as a tortuous splenic artery and a dilated splenic vein that fills early during the arterial phase.[@b20],[@b61] This invasive imaging is especially recommended for patients with acute portal hypertension, and machinery-like abdominal bruit, in the absence of chronic liver disease.[@b58] Although angiography is still the gold standard, Doppler ultrasonography allows a rapid diagnosis especially during medical emergencies presenting with massive GI bleeding.

Treatment {#s6-2}
---------

SAVF is highly curable, and early diagnosis and treatment are keys to preventing complications from portal hypertension. Currently, percutaneous arterial embolization is the treatment of choice for SAVF since it is less invasive, less costly, less risky and more rapidly performed with preservation of the spleen and its immunologic function.[@b57]--[@b65] Complications include splenic infarction, abscess or rupture and risks are higher with complete ablation compared to segmental ablation.[@b65] Open surgery is now reserved for patients with complications, chronic kidney disease, or with failure of embolization.[@b59] It may either be by surgical ligation or resection of the fistula with aneurysmorrhaphy or splenectomy.[@b61] With advances of endovascular procedures, studies have found that open surgery is more technically difficult and has a higher failure rate due to the distal location of the fistula and the possible collateral circulation and adhesions adjacent to it.[@b58] Another alternative treatment that is mentioned in case reports include endovascular stent graft application for those without a tortuous splenic artery.[@b64]

Spontaneous splenorenal shunt {#s7}
=============================

Spontaneous splenorenal shunt (SSRS) is a porto-systemic shunt that is mostly seen in patients with liver cirrhosis and portal hypertension.[@b66] However, there are cases of SSRS among non-cirrhotic patients presenting with hyperammonemia and chronic recurrent hepatic encephalopathy. According to several studies, the prevalence of SSRS among liver cirrhosis patients ranges from 18.5% to 21%, with greater occurrence among those with hepatocellular carcinoma (HCC) and increasing body mass index, possibly related to the increased risk of HCC among obese people.[@b67],[@b68] It is still unclear whether the presence of SSRS is associated with the severity of cirrhosis due to conflicting study results. von Herbay *et al.*[@b68] noted increasing prevalence of SSRS among Child-Pugh grade B and C patients, whereas the study by Tarantino *et al.*[@b67] did not show any relationship. Other causes of SSRS are presented in [Table 1](#t01){ref-type="table"}.[@b66]--[@b71]

In direct SSRS, there is communication between the exorenal circle and splenic vein tributaries at the fusion fascia of Toldt, which is the adhesion fascia of the visceral peritoneum and mesentery.[@b66] SSRS was thought to be from the recanalization or reopening of embryonic channels that were closed during normal hemodynamics due to increase in resistance to portal outflow with portal hypertension, and also by the influence of vasoactive substances like nitric oxide and vascular endothelial growth factors that increases blood flow to the splanchnic circulation.[@b66],[@b67] SSRS may be incidentally diagnosed by imaging patients with liver cirrhosis and signs of portal hypertension, and on further work-up among patients without signs of liver cirrhosis, but with hyperammonemia and signs of hepatic encephalopathy.[@b66]--[@b68] In a large case series involving 109 patients with liver cirrhosis, 50% of the patients with esophageal varices had some form of intra-abdominal porto-systemic shunt, whereas only 13% of those without varices had shunts.[@b68] In the same study, there was also a positive correlation between the presence of shunts and ascites (61% versus 39%), and portal vein thrombosis.[@b68] However, there was no significant correlation between the presence of these shunts and splenomegaly.[@b68] These findings are in contrast to most reports of fewer varices and less ascites in the presence of these porto-systemic shunts by spontaneous decompression of the portal pressure. SSRS is associated with increasing intestinal sepsis, and chronic, recurrent and refractory porto-systemic encephalopathy.[@b69]

Diagnostics {#s7-1}
-----------

Doppler US is often the initial imaging tool used to diagnose liver cirrhosis and it allows a non-invasive diagnosis of porto-systemic shunts by detecting the direction of the portal blood flow.[@b67],[@b68] SSRS will appear as tortuous inferiorly directed blood vessels originating from the splenic hilum to the left kidney with evidence of splenofugal blood flow and markedly increased splenic volume, dilated left renal vein with phasic blood flow at a velocity of greater than 20 cm/sec, and dilated splenic vein (greater than 5 mm) with phasic blood flow at a velocity of greater than 15 cm/sec.[@b67] In a comparative study by Bagheri *et al.*,[@b72] CT scan ([Fig. 2](#f02){ref-type="fig"}, bottom image) had a 78.6% sensitivity and 67.9% specificity in the diagnosis of SSRS while Doppler US had a sensitivity of 66.7% and a specificity of 85.7%. This implies that CT scan must be performed despite a negative finding on US due to its low sensitivity.

Angiography or portography is still considered the gold standard but its invasiveness and cost makes it less suitable for initial use or close follow-ups.[@b67] Other diagnostic tests that have been used to document SSRS include MRI, single photon emission CT.[@b67] It is important to screen liver transplant patients for the presence of spontaneous porto-systemic shunts in order to increase the chance of graft survival and reduce the risk of post-transplant portal vein thrombosis, as the presence of these shunts decreases portal blood flow.[@b72]--[@b74]

Treatment {#s7-2}
---------

SRSS was previously treated by left renal vein ligation which rapidly decreased the blood ammonia levels and improved the encephalopathy.[@b73]--[@b76] However, there was a noted increase in the risk of bleeding varices and ascites by increasing the portal blood flow. Due to the significant postoperative morbidity and mortality risk with conventional surgical ligation, newer treatment modalities are now utilized and these include endovascular embolization with a metal coil or plug, balloon-occluded retrograde transvenous obliteration, and shunt-preserving disconnection of the systemic and portal circulation.[@b73]--[@b76] A comparative study of the long-term outcomes and efficacy of these different therapeutic options is needed. Lastly, [Table 2](#t02){ref-type="table"} outlines and compares the clinical manifestations, diagnostics, and treatments of the 5 major types of splenic vascular diseases, and [Fig. 3](#f03){ref-type="fig"} and [4](#f04){ref-type="fig"} demonstrate schematic diagrams of the structures of the spleen that illustrate the typical abnormality of each disease.

![Schematic diagrams of a splenic vein thrombosis with associated splenomegaly (topmost image), splenic vein aneurysm (center image), and a splenic artery aneurysm (bottom image).](JCTH-5-152-g003){#f03}

![Schematic diagrams of a splenic arteriovenous fistula (top image) and a spontaneous splenorenal shunt connecting the splenic vein and left renal vein (bottom image).](JCTH-5-152-g004){#f04}
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CT

:   computed tomography

DSA

:   digital subtraction angiography

EGD

:   esophagogastroduodenoscopy

EUS

:   endoscopic ultrasound

GI

:   gastrointestinal

HCC

:   hepatocellular carcinoma

MDCTA

:   multidetector computed tomographic angiography

MRA

:   magnetic resonance angiography

MRI

:   magnetic resonance imaging

PSVT

:   portal or splenic vein thrombosis

SAA

:   splenic artery aneurysm

SAVF

:   splenic arteriovenous fistula

SSRS

:   spontaneous splenorenal shunt

SVA

:   splenic vein aneurysm

SVT

:   splenic vein thrombosis

US

:   ultrasound
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